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The  p r e s e n t   i n v e n t i o n   c o n c e r n s   low  t e m p e r a t u r e  

s t a b l e   o r g a n i c   p o l y i s o c y a n a t e s .   More  p a r t i c u l a r l y ,   t h e  

p r e s e n t   i n v e n t i o n   r e l a t e s   to  s t a b l e   d i p h e n y l m e t h a n e   d i i s o c y -  

a n a t e s   c o m p o s i t i o n s   and  to  p o l y u r e t h a n e   foams  p r e p a r e d  

t h e r e f r o m .  

U.S.  P a t e n t   3 , 4 4 9 , 2 5 6   t e a c h e s   a  p r o c e s s   for   t h e  

p r e p a r a t i o n   of  p o l y i s o c y a n a t e s   s t a b l e   at  a  t e m p e r a t u r e   o f  

abou t   15°C.  The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  c o m p o s i t i o n s  

of  p o l y i s o c y a n a t e s   which  are  s t a b l e   at  t e m p e r a t u r e   of  0°C 

for  at  l e a s t   two  w e e k s .  

Low  t e m p e r a t u r e   s t a b l e   o r g a n i c   p o l y i s o c y a n a t e s   a r e  

p r e p a r e d   by  p a r t i a l l y   r e a c t i n g   4 , 4 ' - d i p h e n y l m e t h a n e   d i i s o c y -  

a n a t e   in  the  p r e s e n c e   of  an  e f f e c t i v e   amount  of  a  c a r b o d i -  

i m i d i z a t i o n   c a t a l y s t .   The  r e a c t i o n   p r o c e e d s   to  the  e x t e n t  

t h a t   the  p o l y i s o c y a n a t e   has  a  u r e t o n i m i n e   c o n t e n t   from  a b o u t  

2  to  10  w e i g h t   p e r c e n t .   The  p o l y i s o c y a n a t e   c o m p o s i t i o n s   may 

a l s o   be  p r e p a r e d   by  b l e n d i n g   v a r i o u s   d i i s o c y a n a t e s   to  g i v e  

the  d e s i r e d   c o m p o s i t i o n s .  



In  a c c o r d a n c e   w i th   the  p r e s e n t   i n v e n t i o n ,   c a r -  

b o d i i m i d e - u r e t o n i m i n e   m o d i f i e d   o r g a n i c   d i p h e n y l m e t h a n e  

d i i s o c y a n a t e s   u s e f u l   for   the  p r e p a r a t i o n   of  p o l y u r e t h a n e  

foam  p r o d u c t s   and  the  l i k e   a re   p r e p a r e d   by  h e a t i n g   4 , 4 1 -  

d i p h e n y l m e t h a n e   d i i s o c y a n a t e   in  the  p r e s e n c e   of  a  c a t a l y t -  

i c a l l y   e f f e c t i v e   amount  of  a  c a r b o d i i m i d i z a t i o n   c a t a l y s t .  

The  r e a c t i o n   p r o c e e d s   to  the  e x t e n t   t h a t   the  d i p h e n y l m e t h a n e  

d i i s o c y a n a t e   has  a  c a r b o d i i m i d e - u r e t o n i m i n e   c o n t e n t   f r o m  

a b o u t   2  to  a b o u t   10  w e i g h t   p e r c e n t .   The  c a t a l y s t   i s  

g e n e r a l l y   employed   at  a  c o n c e n t r a t i o n   r a n g i n g   from  0 . 0 0 0 4  

p a r t   to  5.0  p a r t s   per   100  p a r t s   of  o r g a n i c   p o l y i s o c y a -  

n a t e s .   P r e f e r a b l y ,   the  c a t a l y s t   is  employed   at  a  c o n c e n t r a -  

t i o n   r a n g i n g   from  0 .0004   to  1  p a r t   per   100  p a r t s   of  t h e  

p o l y i s o c y a n a t e .   The  t e m p e r a t u r e s   employed   are  t hose   o v e r  

30°C.  G e n e r a l l y ,   the  r ange   is  50  to  250°C,  p r e f e r a b l y   f r o m  

a b o u t   50  to  120°C.  and  200  to  230°C.  The  t ime  r e q u i r e d   f o r  

c a r r y i n g   out  t h i s   r e a c t i o n   is  d e p e n d e n t   upon  the  q u a n t i t y   o f  

c a t a l y s t   e m p l o y e d .   However,   the  time  can  vary  from  a b o u t  

0 .5   hour  to  6  h o u r s .   When  the  c a t a l y s t   is  employed   in  t h e  

p r e f e r r e d   amount ,   the  r e a c t i o n   t ime  r a n g e s   from  0.5  hour  t o  

4  h o u r s .   A f t e r   the  r e q u i r e d   r e a c t i o n   t ime  p e r i o d   h a s  

e l a p s e d   the  r e s u l t i n g   p r o d u c t   is  c o o l e d   to  t e m p e r a t u r e s   l e s s  

t h a n   30°C.  O p t i o n a l l y ,   the  r e a c t i o n   p r o d u c t   may  be  t r e a t e d  

a t   the  r e a c t i o n   t e m p e r a t u r e   or  lower   w i th   c a t a l y s t   d e a c t i v a -  



t o r s   which  i n c l u d e   s a l t s   such  as  magnesium  c h l o r i d e   d i h y -  

d r a t e ,   a c i d  c h l o r i d e s   such  as  b e n z o y l   c h l o r i d e s   and  a c e t y l  

c h l o r i d e s ,   a c i d s   such  as  h y d r o c h l o r i c   a c i d ,   o x a l i c   a c i d ,  

p h o s p h o r i c   a c i d ,   b e n z e n e s u l f o n i c   a c i d ,   t o l u e n e s u l f o n i c   a c i d ,  

m e t h a n e s u l f o n i c   a c i d   or  t r i f l u o r o m e t h a n e s u l f o n i c   a c i d ,  

s u l f o n y l   c h l o r i d e s   such  as  b e n z e n e s u l f o n y l   c h l o r i d e ,  

t o l u e n e s u l f o n y l   c h l o r i d e   and  the  l i k e .   O the r   d e a c t i v a t o r s  

which  may  be  employed  are  such  a g e n t s   as  d i m e t h y l s u l f a t e ,  

a l k y l   o , p - t o l u e n e s u l f o n a t e s ,   methyl   c h l o r i d e   and  s i m i l a r  

compounds  as  d i s c l o s e d   in  U.  S.  P a t e n t   3 , 7 6 9 , 3 1 8 .  

The  p r e f e r r e d   c o m p o s i t i o n   is  a l s o   p r e p a r e d   by 

b l e n d i n g   a  c a r b o d i i m i d e - u r e t o n i m i n e   c o n t a i n i n g   4 , 4 ' - d i -  

p h e n y l m e t h a n e   d i i s o c y a n a t e   wi th   pure  4 , 4 ' - d i p h e n y l m e t h a n e  

d i i s o c y a n a t e   w h e r e i n   the  b l e n d e d   c o m p o s i t i o n   c o n t a i n s   f r o m  

a b o u t   2  to  abou t   10  w e i g h t   p e r c e n t   c a r b o i i m i d e - u r e t o n i m i n e  

s t r u c t u r e .  

In  the  p r e s e n c e   of  e x c e s s   p o l y i s o c y a n a t e ,   t h e  

c a r b o d i i m i d e   and  u r e t o n i m i n e   s t r u c t u r e   e x i s t s   in  e q u i l i b r i u m  

as  shown  b e l o w .  

w h e r e i n   R  is  d i p h e n y l m e t h a n e  



The  o r g a n i c   d i i s o c y a n a t e s   of  the  p r e s e n t   i n v e n t i o n  

are   u s e f u l   in  the  p r e p a r a t i o n   of  r i g i d ,   s e m i - f l e x i b l e ,   o r  

f l e x i b l e   p o l y u r e t h a n e   foams.   The  p o l y u r e t h a n e   foams  i n  

a c c o r d a n c e   h e r e w i t h   are   p r e p a r e d   by  r e a c t i n g   the  o r g a n i c  

d i i s o c y a n a t e   and  an  a c t i v e   h y d r o g e n - c o n t a i n i n g   compound  i n  

the  p r e s e n c e   of  u r e t h a n e   c a t a l y s t s   as  are   w e l l   known  t o  

t h o s e   s k i l l e d   in  the  a r t .  

The  p o l y i s o c y a n a t e   c o m p o s i t i o n s   of  the  i n s t a n t  

i n v e n t i o n   may  be  p r e p a r e d   by  e m p l o y i n g   w e l l - k n o w n   c a r -  

b o d i i m i d e - p r o m o t i n g   compounds  as  c a t a l y s t s .   The  c a r -  

b o d i i m i d e   c a t a l y s t s   employed   in  a c c o r d a n c e   wi th   the  i n v e n -  

t i o n   can  be  any  of  t h o s e   known  in  the  a r t   as  b e i n g   u s e f u l   i n  

the  c o n v e r s i o n   of  an  i s o c y a n a t e   to  the  c o r r e s p o n d i n g  

c a r b o d i i m i d e .   I l l u s t r a t i v e   of  such  c a t a l y s t s   a r e :  

a)  p h o s p h o l e n e   I - o x i d e s   and  1 - s u l f i d e s   hav ing   t h e  

f o r m u l a e :  

w h e r e i n   a,  b,  c  and  d  a re   each  s e l e c t e d   from  the  g r o u p  

c o n s i s t i n g   of  h y d r o g e n   and  h y d r o c a r b y l   from  1  to  12  c a r b o n  

atoms  i n c l u s i v e ,   R  is  s e l e c t e d   from  the  group  c o n s i s t i n g   o f  

l o w e r   a l k y l   and  a r y l   and  X  is  s e l e c t e d   from  the  g r o u p  

c o n s i s t i n g   of  oxygen  and  s u l f u r .   The  above  p h o s p h o l e n e  



compounds  and  methods   for  t h e i r   p r e p a r a t i o n   are  d e s c r i b e d   i n  

U.  S.  P a t e n t s   2 , 6 6 3 , 7 3 7 ;   2 , 6 6 3 , 7 3 8 ;   and  2 , 8 5 3 , 4 7 3 .   The  3 -  

p h o s p h o l e n e s   can  be  i s o m e r i z e d   r e a d i l y   to  the  c o r r e s p o n d i n g  

2 - p h o s p h o l e n e s   by  t h e r m a l - t r e a t m e n t   or  by  r e f l u x i n g   wi th   a n  

a q u e o u s   based  as  d i s c l o s e d   by  Quinn  et  a l ,   J o u r n a l   A m e r i c a n  

Chemica l   S o c i e t y ,   33,  1024,  1968.  R e p r e s e n t a t i v e   c o m p o u n d s  

w i t h i n   the  above  c l a s s   are  1 - p h e n y l - 2 - p h o s p h o l e n e - 1 - o x i d e :  

3 - m e t h y l - l - p h e n y l - 3 - p h o s p h o l e n e - l - o x i d e ;   3 - m e t h y l - l - p h e n y l -  

2 - p h o s p h o l e n e - 1 - o x i d e ;   1 - p h e n y l - 2 - p h o s p h o l e n e - 1 - s u l f i d e ;   1 -  

e t h y l - 2 - p h o s p h o l e n e - 1 - o x i d e ;   l - e t h y l - 3 - m e t h y l - 2 - p h o s p h o l e n e -  

1 - o x i d e ;   1 - e t h y l - 3 - m e t h y l - 2 - p h o s p h o l e n e - 1 - s u l f i d e ;   and  t h e  

i s o m e r i c   p h o s p h o l a n e s   c o r r e s p o n d i n g   to  the  a b o v e - n a m e d  

compounds .   Also ,   po lymer   bound  p h o s p h o l e n e   oxide   may  be  

employed  s p e c i f i c a l l y   t hose   hav ing   r e c u r r i n g   u n i t s ,   f o r  

e x a m p l e ,  

as  d i s c l o s e d   in  U.  S.  P a t e n t   4 , 1 0 5 , 6 4 3 ,   and  t hose   of  t h e  

f o l l o w i n g   s t r u c t u r e   as  d i s c l o s e d   in  U.  S.  P a t e n t   4 , 1 0 5 , 6 4 2 .  



(b)  d i a z a -   and  o x a z a - p h o s p h o l a n e s   and  - p h o s -  

p h o r i n a n e s  

w h e r e i n   CnH2n  r e p r e s e n t s   a l k y l e n e   from  1  to  12  ca rbon   a t o m s ,  

i n c l u s i v e ,   a t   l e a s t   one  and  not  more  than  t h r e e   a d j a c e n t  

c a r b o n   atoms  a n d  s a i d   a l k y l e n e   r a d i c a l   f o rming   a  c h a i n ,   o n e  

end  of  which  is  a t t a c h e d   to  Y,  the  o t h e r   end  of  which  i s  

a t t a c h e d   to  N,  t h e r e b y   c o m p l e t i n g   the  h e t e r o c y c l i c   r i n g ;   R1 

is   s e l e c t e d   from  the  group  c o n s i s t i n g   of  h y d r o c a r b y l  

c o n t a i n i n g   1  to  12  ca rbon   a toms ,   i n c l u s i v e ;   and  h a l o ,   n i t r o ,  

a l k o x y ,   a l k y l ,   m e r c a p t o ,   and  c y a n o - s u b s t i t u t e d   h y d r o c a r b y l  

from  1  to  12  c a rbon   a t o m s ,   i n c l u s i v e ;   R"  is  h y d r o c a r b y l  

c o n t a i n i n g   from  1  to  12  c a r b o n   a t o m s ,   i n c l u s i v e ,   and  Y  i s  

s e l e c t e d   from  the  g roup  c o n s i s t i n g   of  -O-  and  -NR"-  w h e r e i n  

Ros  has  the  s i g n i f i c a n c e   as  d e f i n e d   above .   The  a b o v e  

compounds  and  methods   for   t h e i r   p r e p a r a t i o n   are   d e s c r i b e d   i n  



U.  S.  P a t e n t   3 , 5 2 2 , 3 0 3 .   R e p r e s e n t a t i v e   e x a m p l e s   of  s u c h  

compounds  a r e :   2 - e t h y l - 1 , 3 - d i m e t h y l - 1 , 3 , 2 - d i a z a p h o s p h o l a n e -  

2 - o x i d e ;   2 - c h l o r o m e t h y l - 1 , 3 - d i m e t h y l - 1 , 3 , 2 - d i a z a p h o s p h o l a n e -  

2 - o x i d e ;   2 - t r i c h l o r o m e t h y l - 1 , 3 - d i m e t h y l - 1 , 3 , 2 - d i a z a p h o s p h o -  

l a n e - 2 - o x i d e ;   2 - p h e n y l - 1 , 3 - d i m e t h y l - 1 . 3 , 2 - d i a z a p h o s p h o l a n e -  

2 - o x i d e ;   2 - p h e n y l - 1 , 3 - d i m e t h y l - 1 , 3 , 2 - d i a z a - p h o s p h o r i n a n e - 2 -  

o x i d e ;   2 - b e n z y l - 1 , 3 - d i m e t h y l - 1 , 3 , 2 - d i a z a p h o s p h o l a n e - 2 - o x i d e ;  

2 - a l l y l - 1 , 3 - d i m e t h y l - 1 , 3 , 2 - d i a z a p h o s p h o l a n e - 2 - o x i d e ;   2 -  

b r o m o m e t h y l - 1 , 3 - d i m e t h y l - 1 , 3 , 2 - d i a z a p h o s p h o l a n e - 2 - o x i d e ;   2 -  

c y c l o h e x y l - 1 , 3 - d i m e t h y l - 1 , 3 , 2 - d i a z a p h o s p h o l a n e - 2 - o x i d e :   2 -  

( 2 - e t h o x y e t h y l ) - 1 , 3 - d i m e t h y l - 1 , 3 , 2 - d i a z a p h o s p h o l a n e - 2 - o x i d e ;  

and  2 - n a p h t h y l - 1 , 3 - d i m e t h y l - 1 , 3 , 2 - d i a z a p h o s p h o l a n e - 2 - o x i d e .  

(c)  T r i a r y l   a r s i n e s   w h e r e i n   the  a r y l   g roups   a r e  

f r ee   from  s u b s t i t u e n t s   c o n t a i n i n g   r e a c t i v e   hydrogen   a t o m s ,  

s a i d   a r s i n e   be ing   r e p r e s e n t e d   by  the  f o r m u l a :  

w h e r e i n   each  of  R,  R1  and  R2  r e p r e s e n t s   the  same  or  d i f -  

f e r e n t   a r y l   m o i e t i e s   hav ing   from  6  to  12  ca rbon   a t o m s ,  

i n c l u s i v e .   Such  compounds  are  d e s c r i b e d   in  U.  S.  P a t e n t  

3 , 4 0 6 , 1 9 8 .   R e p r e s e n t a t i v e   e x a m p l e s   a r e :   t r i p h e n y l a r s i n e ,  

t r i s ( p - t o l y l ) a r s i n e ,   t r i s ( p - m e t h o x y p h e n y l ) a r s i n e ,   t r i s ( p -  

e t h o x y p h e n y l ) a r s i n e ,   t r i s ( p - c h l o r o p h e n y l ) a r s i n e ,   t r i s ( p -  



f l u o r o p h e n y l ) a r s i n e ,   t r i s ( 2 , 5 - x y l y l ) a r s i n e ,   t r i s ( p - c y a n o -  

p h e n y l ) a r s i n e ,   t r i s ( l - n a p h t h y l ) a r s i n e ,   t r i s ( p - m e t h y l m e r -  

c a p t o p h e n y l ) a r s i n e ,   t r i s ( p - b i p h e n y l y l ) a r s i n e ,   p - c h l o r o -  

p h e n y l b i s - ( p - t o l y l ) a r s i n e   and  p h e n y l ( p - c h l o r o p h e n y l ) ( p -  

b r o m o p h e n y l ) - a r s i n e .  

(d)  Also  i n c l u d e d   are  compounds  of  the  f o r m u l a :  

w h e r e i n   each  R,  R1  and  R2  r e p r e s e n t s   the  same  or  d i f f e r e n t  

a l k y l   or  a r y l   g r o u p s   hav ing   from  6  to  12  ca rbon   a t o m s ,  

i n c l u s i v e .   R e p r e s e n t a t i v e   example s   of  such  a r e :   t r i p h e n y l -  

a r s i n e   o x i d e ,   t r i e t h y l a r s i n e   o x i d e ,   and  po lymer   bound  a r s i n e  

o x i d e   such  as  are   d e s c r i b e d   in  U.  S.  P a t e n t   4 , 1 4 3 , 0 6 3 :  

w h e r e i n   R1  and  R2   are   h y d r o c a r b y l   from  1  to  12  ca rbon   a t o m s  

i n c l u s i v e ,   R3  is  h y d r o g e n ,   c h l o r o   or  m e t h y l ,   R4  is  h y d r o g e n  

or  m e t h y l ,   and  n  is  0  or  1 .  

(e)  M e t a l l i c   d e r i v a t i v e s   of  a c e t y l a c e t o n e   such  a s  

the  b e r y l l i u m ,   a luminum,   z i r c o n i u m ,   chromium,  and  i r o n  

d e r i v a t i v e s   t h e r e o f   as  d i s c l o s e d   in  U.  S.  P a t e n t   3 , 1 5 2 , 1 3 1 .  

(f)  P h o s p h a t e   e s t e r s   of  the  f o r m u l a :  



w h e r e i n   R  is  h y d r o c a r b y l   from  1  to  12  ca rbon   a toms ,   i n c l u -  

s i v e .   Such  e s t e r s   and  methods   for   t h e i r   p r e p a r a t i o n   a r e  

d i s c l o s e d   in  U.  S.  P a t e n t   3 , 0 5 6 , 8 3 5 .   R e p r e s e n t a t i v e  

examples   are   t r i m e t h y l p h o s p h a t e ,   t r i e t h y l p h o s p h a t e ,   e t h y l d i -  

p r o p y l p h o s p h a t e ,   t r i i s o p r o p y l p h o s p h a t e ,   t r i a l l y l p h o s p h a t e ,  

t r i p h e n y l p h o s p h a t e ,   and  t r i c r e s y l p h o s p h a t e .  

(g)  P h o s p h i n e   o x i d e s   of  the  f o r m u l a :  

w h e r e i n   R  is  h y d r o c a r b y l   from  1  to  12  c a r b o n  a t o m s ,   i n c l u -  

s i v e .   R e p r e s e n t a t i v e   example s   are   t r i e t h y l p h o s p h i n e   o x i d e ,  

t r i b u t y l p h o s p h i n e   o x i d e ,   t r i p h e n y l p h o s p h i n e   o x i d e ,   a n d  

t r i s ( c h l o r o m e t h y l ) p h o s p h i n e   o x i d e .  

(h)  Metal   complexes   d e r i v e d   from  a  d - g r o u p  

t r a n s i t i o n   e l e m e n t   and  v - b o n d i n g   l i g a n d   s e l e c t e d   from  t h e  

group  c o n s i s t i n g   of  ca rbon   monoxide ,   n i t r i c   o x i d e ,   h y d r o -  

c a r b y l i s o c y a n i d e s ,   t r i h y d r o c a r b y l p h o s p h i n e ,   t r i h y d r o c a r -  

b y l a r s i n e ,   t r i h y d r o c a r b y l s t i l b i n e ,   and  d i h y d r o c a r b y l s u l f i d e  

w h e r e i n   h y d r o c a r b y l   in  each  i n s t a n c e   c o n t a i n s   from  1  to  1 2 .  

c a rbon   a toms ,   i n c l u s i v e ,   p r o v i d e d   t h a t   at  l e a s t   one  of  t h e  

π - b o n d i n g   l i g a n d s   in  the  complex  is  c a rbon   monoxide  o r  

h y d r o c a r b y l i s o c y a n i d e .   Such  c o m p l e x e s   and  methods   for   t h e  

p r e p a r a t i o n   a re   d i s c l o s e d   in  U.  S.  P a t e n t   3 , 4 0 6 , 1 9 7 .  

R e p r e s e n t a t i v e   example s   of  such  c o m p l e x e s   are  i r on   p e n t a -  

c a r b o n y l ,   d i - i r o n   p e n t a c a r b o n y l ,   t u n g s t e n   h e x a c a r b o n y l ,  



molybdenum  h e x a c a r b o n y l ,   chromium  h e x a c a r b o n y l ,   d i m a n g a n e s e  

d e c a c a r b o n y l ,   n i c k e l   t e t r a c a r b o n y l ,   r u t h e n i u m   p e n t a c a r b o n y l ,  

and  the  complex   of  i r o n   t e t r a c a r b o n y l : m e t h y l i s o c y a n i d e .  

The  term  " h y d r o c a r b y l "   from  1  to  12  ca rbon   a t o m s  

i n c l u s i v e   employed   h e r e i n   means  the  m o n o v a l e n t   r a d i c a l  

o b t a i n e d   by  r e m o v i n g   one  h y d r o g e n   atom  from  a  p a r e n t  

h y d r o c a r b o n   h a v i n g   the  s t a t e d   ca rbon   atom  c o n t e n t .   I l l u s -  

t r a t i v e   of  such  g roups   a re   a l k y l   such  as  m e t h y l - ,   e t h y l - ,  

p r o p y l - ,   b u t y l - ,   p e n t y l - ,   h e x y l - ,   h e p t y l - ,   o c t y l - ,   n o n y l - ,  

d e c y l - ,   u n d e c y l - ,   u n d o d e c y l - ,   i n c l u d i n g   i s o m e r i c   f o r m s  

t h e r e o f ;  a l k e n y l   such  as  a l l y l ,   b u t e n y l ,   p e n t e n y l ,   h e x e n y l ,  

h e p t e n y l ,   o c t e n y l ,   n o n e n y l ,   d e c e n y l ,   u n d e c e n y l ,   and  d o -  

d e c e n y l ,   i n c l u d i n g   i s o m e r i c   forms  t h e r e o f ;   c y c l o a l k y l   s u c h  

as  c y c l o b u t y l ,   c y c l o p e n t y l ,   c y c l o h e x y l ,   c y c l o h e p t y l ,  

c y c l o o c t y l ,   and  the  l i k e ;   c y c l o a l k e n y l s   such  as  c y c l o -  

p e n t e n y l ,   c y c l o h e x e n y l ,   c y c l o h e p t e n y l ,   and  the  l i k e ;   a r a l k y l  

such  as  b e n z y l ,   p h e n e t h y l ,   p h e n y l p r o p y l ,   b e n z h y d r y l ,  

n a p h t h y l m e t h y l ,   and  the  l i k e ;   and  a r y l s   such  as  p h e n y l ,  

t o l y l ,   x y l y l ,   n a p h t h y l ,   b i p h e n y l y l ,   and  the  l i k e .  

The  te rm  " lower   a l k y l " ,   as  used  h e r e i n ,   m e a n s  

a l k y l   from  1  to  6  ca rbon   a toms ,   i n c l u s i v e ,   such  a  m e t h y l ,  

e t h y l ,   p r o p y l ,   b u t y l ,   p e n t y l ,   hexy l   and  i s o m e r i c   f o r m s  

t h e r e o f .  

The  p r e f e r r e d   c a r b o d i i m i d e   c a t a l y s t s   are  the  3 -  

;  p h o s p h o l e n e   o x i d e s .   The  most  p r e f e r r e d   c a r b o d i i m i d e  



c a t a l y s t s   are  the  l - a r y l - 3 - l o w e r   a l k y l - 3 - p h o s p h o l e n e   1 - o x i d e  

and  1 , 3 - d i ( l o w e r   a l k y l ) - 3 - p h o s p h o l e n e   1 - o x i d e .   The  m o s t  

p r e f e r r e d   s p e c i e s   are  1 - p h e n y l - 3 - m e t h y l - 3 - p h o s p h o l e n e   1 -  

ox ide   and  l - e t h y l - 3 - m e t h y l - 3 - p h o s p h o l e n e - l - o x i d e ,   and  t h e  

t r i s - ( c h l o r o m e t h y l ) p h o s p h i n e   o x i d e .   O r g a n o t i n   compounds  may 

a l s o   be  employed   in  the  p r e s e n t   i n v e n t i o n .  

In  a c c o r d a n c e   wi th   the  p r e s e n t   i n v e n t i o n ,   r i g i d ,  

s e m i - f l e x i b l e ,   f l e x i b l e   and  m i c r o c e l l u l a r   foams  may  be  

p r e p a r e d   by  the  r e a c t i o n   of  the  o r g a n i c   d i i s o c y a n a t e  

c o m p o s i t i o n s   wi th   p o l y o l s   in  the  p r e s e n c e   of  u r e t h a n e  

c a t a l y s t s ,   b lowing   a g e n t s ,   s u r f a c t a n t s   and  o t h e r   a d d i t i v e s  

which  may  be  deemed  n e c e s s a r y .   T y p i c a l   p o l y o l s   which  may  b e  

employed   in  the  p r e p a r a t i o n   of  the  foams  of  the  i n s t a n t  

i n v e n t i o n   i n c l u d e   p o l y h y d r o x y l - c o n t a i n i n g   p o l y e s t e r s ,  

p o l y o x y a l k y l e n e   p o l y e t h e r  p o l y o l s ,   p o l y h y d r o x y - t e r m i n a t e d  

p o l y u r e t h a n e   p o l y m e r s ,   p o l y h y d r o x y l - c o n t a i n i n g   p h o s p h o r u s  

compounds ,   and  a l k y l e n e   oxide   a d d u c t s   of  p o l y h y d r i c   s u l f u r -  

c o n t a i n i n g   e s t e r s ,   p o l y a c e t a l s ,   a l i p h a t i c   p o l y o l s   or  d i o l s ,  

ammonia,  and  amines   i n c l u d i n g   a r o m a t i c ,   a l i p h a t i c   a n d  

h e t e r o c y c l i c   amines   as  we l l   as  m i x t u r e s   t h e r e o f .   A l k y l e n e  

oxide   a d d u c t s   of  compounds  which  c o n t a i n   two  or  more  

d i f f e r e n t   g roups   w i t h i n   the  a b o v e - d e f i n e d   c l a s s e s   may  a l s o  

be  used  such  as  amino  a l c o h o l s   which  c o n t a i n   an  amino  g r o u p  

a n d  a   h y d r o x y l   g roup .   Also,   a l k y l e n e   ox ide   a d d u c t s   o f  

compounds  which  c o n t a i n   one  -SH  group  and  one  -OH  group  a s  



w e l l   as  t h o s e   which  c o n t a i n   an  amino  group  and  a  -SH  g r o u p  

may  be  u sed .   G e n e r a l l y ,   the  e q u i v a l e n t   w e i g h t   of  t h e  

p o l y o l s   w i l l   va ry   from  53  to  1 0 , 0 0 0 ,   p r e f e r a b l y   from  53  t o  

1 0 0 0 .  

Any  s u i t a b l e   h y d r o x y - t e r m i n a t e d   p o l y e s t e r   may  b e  

used  such  as  are  o b t a i n e d ,   for   e x a m p l e ,   from  p o l y c a r b o x y l i c  

a c i d s   and  p o l y h y d r i c   a l c o h o l s .   Any  s u i t a b l e   p o l y c a r b o x y l i c  

a c i d   may  be  used  such  as  o x a l i c   a c i d ,   m a l o n i c   a c i d ,   s u c c i n i c  

a c i d ,   g l u t a r i c   a c i d ,   a d i p i c   a c i d ,   p i m e l i c   a c i d ,   s u b e r i c  

a c i d ,   a z e l a i c   a c i d ,   s e b a c i c   a c i d ,   b r a s s y l i c   a c i d ,   t h a p s i c  

a c i d ,   m a l e i c   a c i d ,   f u m a r i c   a c i d ,   g l u t a c o n i c   a c i d ,   a - h y d r o -  

muconic   a c i d ,   β - h y d r o m u c o n i c   a c i d ,   a - b u t y l - a - e t h y l - g l u t a r i c  

a c i d ,   a,  β - d i e t h y l s u c c i n i c   a c i d ,   i s o p h t h a l i c   a c i d ,   t e r -  

p h t h a l i c   a c i d ,   p h t h a l i c   a c i d ,   h e m i m e l l i t i c   a c i d ,   and  1 , 4 -  

c y c l o h e x a n e d i c a r b o x y l i c   a c i d .   Any  s u i t a b l e   p o l y h y d r i c  

a l c o h o l   may  be  used  such  as  e t h y l e n e   g l y c o l ,   p r o p y l e n e  

g l y c o l ,   t r i m e t h y l e n e   g l y c o l ,   1 , 2 - b u t a n e d i o l ,   1 , 3 - b u t a n e d i o l ,  

1 , 4 - b u t a n e d i o l ,   1 , 2 - p e n t a n e d i o l ,   1 , 4 - p e n t a n e d i o l ,   1 , 5 -  

p e n t a n e d i o l ,   1 , 6 - h e x a n e d i o l ,   1 , 7 - h e p t a n e d i o l ,   g l y c e r o l ,  

1 , 1 , 1 - t r i m e t h y l o l - p r o p a n e ,   1 , 1 , 1 - t r i m e t h y l o l e t h a n e ,   1 , 2 , 6 -  

h e x a n e t r i o l ,   a - m e t h y l   g l u c o s i d e ,   p e n t a e r y t h r i t o l ,   a n d  

s o r b i t o l .   Also  i n c l u d e d   w i t h i n   the  term  " p o l y h y d r i c  

a l c o h o l "   a re   compounds  d e r i v e d   from  pheno l   such  as  2 , 2 -  

b i s ( 4 - h y d r o x y p h e n y l ) - p r o p a n e ,   commonly  known  as  B i s p h e n o l   A. 



Any  s u i t a b l e   p o l y o x y a l k y l e n e   p o l y e t h e r   p o l y o l   may 

be  used  such  as  the  p o l y m e r i z a t i o n   p r o d u c t   of  an  a l k y l e n e  

ox ide   wi th   a  p o l y h y d r i c   a l c o h o l .   Any  s u i t a b l e   p o l y h y d r i c  

a l c o h o l   may  be  used  such  as  t hose   d i s c l o s e d   above  for   use  i n  

the  p r e p a r a t i o n   of  the  h y d r o x y - t e r m i n a t e d   p o l y e s t e r s .   Any 

s u i t a b l e   a l k y l e n e   oxide   may  be  used  such  as  e t h y l e n e   o x i d e ,  

p r o p y l e n e   o x i d e ,   b u t y l e n e   o x i d e ,   amylene   o x i d e ,   and  m i x t u r e s  

of  t he se   o x i d e s .   The  p o l y a l k y l e n e   p o l y e t h e r   p o l y o l s   may  be  

p r e p a r e d   from  o t h e r   s t a r t i n g   m a t e r i a l s   such  as  t e t r a h y d r o -  

fu ran   and  a l k y l e n e   o x i d e - t e t r a h y d r o f u r a n   m i x t u r e s ;   e p i h a l o -  

h y d r i n s   such  as  e p i c h l o r o h y d r i n ;   as  wel l   as  a r a l k y l e n e  

o x i d e s   such  as  s t y r e n e   o x i d e .   The  p o l y a l k y l e n e   p o l y e t h e r  

p o l y o l s   may  have  e i t h e r   p r i m a r y   or  s e c o n d a r y   h y d r o x y l  

g r o u p s .   I n c l u d e d   among  the  p o l y e t h e r   p o l y o l s   are  p o l y o x y -  

e t h y l e n e   g l y c o l ,   p o l y o x y p r o p y l e n e   g l y c o l ,   p o l y o x y b u t y l e n e  

g l y c o l ,   p o l y t e t r a m e t h y l e n e   g l y c o l ,   b lock   c o p o l y m e r s ,   f o r  

e x a m p l e ,   c o m b i n a t i o n s   of  p o l y o x y p r o p y l e n e   and  p o l y o x y -  

e t h y l e n e   g l y c o l s ,   p o l y - l , 2 - o x y b u t y l e n e   and  p o l y o x y e t h y l e n e  

g l y c o l s ,   p o l y - l , 4 - t e t r a m e t h y l e n e   and  p o l y o x y e t h y l e n e  

g l y c o l s ,   and  copo lymer   g l y c o l s   p r e p a r e d   from  b l e n d s   o r  

s e q u e n t i a l   a d d i t i o n   of  two  or  more  a l k y l e n e   o x i d e s .   The 

p o l y a l k y l e n e   p o l y e t h e r   p o l y o l s   may  be  p r e p a r e d   by  any  known 

p r o c e s s   such  as,   for   example ,   the  p r o c e s s   d i s c l o s e d   by  W u r t z  

in  1859  and  E n c y c l o p e d i a   of  Chemica l   T e c h n o l o g y ,   Vol.  7,  p p .  

2 5 7 - 2 6 2 ,   p u b l i s h e d   by  I n t e r s c i e n c e   P u b l i s h e r s ,   Inc .   ( 1 9 5 1 )  



or  in  U.  S.  P a t e n t   No.  1 , 9 2 2 , 4 5 9 .   P o l y e t h e r s   which  a r e  

p r e f e r r e d   i n c l u d e   the  a l k y l e n e   ox ide   a d d i t i o n   p r o d u c t s   o f  

t r i m e t h y l o l p r o p a n e ,   g l y c e r i n e ,   p e n t a e r y t h r i t o l ,   s u c r o s e ,  

s o r b i t o l ,   p r o p y l e n e   g l y c o l ,   and  2 , 2 - b i s ( 4 - h y d r o x y p h e n y l ) -  

p r o p a n e   and  b l e n d s   t h e r e o f   hav ing   e q u i v a l e n t   w e i g h t s   of  f r o m  

100  to  5 0 0 0 .  

S u i t a b l e   p o l y h y d r i c   p o l y t h i o e t h e r s   which  may  b e  

c o n d e n s e d   wi th   a l k y l e n e   o x i d e s   i n c l u d e   the  c o n d e n s a t i o n  

p r o d u c t   of  t h i o d i g l y c o l   or  the  r e a c t i o n   p r o d u c t   of  a  

d i c a r b o x y l i c   ac id   such  as  is  d i s c l o s e d   above  for   t h e  

p r e p a r a t i o n   of  the  h y d r o x y l - c o n t a i n i n g   p o l y e s t e r s   wi th   a n y  

o t h e r   s u i t a b l e   t h i o e t h e r   g l y c o l .  

The  h y d r o x y l - c o n t a i n i n g   p o l y e s t e r   may  a l s o   be  a  

p o l y e s t e r   amide  such  as  is  o b t a i n e d   by  i n c l u d i n g   some  a m i n e  

or  amino  a l c o h o l   in  the  r e a c t a n t s   for   the  p r e p a r a t i o n   of  t h e  

p o l y e s t e r s .   Thus,   p o l y e s t e r   amides   may  be  o b t a i n e d   by  

c o n d e n s i n g   an  amino  a l c o h o l   such  as  e t h a n o l a m i n e   wi th   t h e  

p o l y c a r b o x y l i c   a c i d s   s e t   f o r t h   above  or  they  may  be  made 

u s i n g   the  same  componen t s   t h a t   make  up  the  h y d r o x y l -  

c o n t a i n i n g   p o l y e s t e r   w i th   only  a  p o r t i o n   of  the  c o m p o n e n t s  

b e i n g   a  d i a m i n e   such  as  e t h y l e n e   d i a m i n e .  

P o l y h y d r o x y l - c o n t a i n i n g   p h o s p h o r u s   compounds  w h i c h  

may  be  used   i n c l u d e   t h o s e   compounds  d i s c l o s e d   in  U.  S .  

P a t e n t   No.  3 , 6 3 9 , 5 4 2 .   P r e f e r r e d   p o l y h y d r o x y l - c o n t a i n i n g  

p h o s p h o r u s   c o m p o u n d s  a r e   p r e p a r e d   from  a l k y l e n e   o x i d e s   a n d  



a c i d s   of  p h o s p h o r u s   hav ing   a  P205  e q u i v a l e n c y   of  from  a b o u t  

72  p e r c e n t   to  abou t   95  p e r c e n t .  

S u i t a b l e   p o l y a c e t a l s   which  may  be  c o n d e n s e d   w i t h  

a l k y l e n e   o x i d e s   i n c l u d e   the  r e a c t i o n   p r o d u c t   of  f o r m a l d e h y d e  

or  o t h e r   s u i t a b l e   a l d e h y d e   with  a  d i h y d r i c   a l c o h o l   or  an  

a l k y l e n e   ox ide   such  as  t hose   d i s c l o s e d   a b o v e .  

S u i t a b l e   a l i p h a t i c   t h i o l s   which  may  be  c o n d e n s e d  

wi th   a l k y l e n e   o x i d e s   i n c l u d e   a l k a n e t h i o l s   c o n t a i n i n g   a t  

l e a s t   two  -SH  g roups   such  as  1 , 2 - e t h a n e d i t h i o l ,   1 , 2 - p r o p a n e -  

d i t h i o l ,   l , 2 - p r o p a n e d i t h i o l ,   and  1 , 6 - h e x a n e d i t h i o l ;   a l k e n e  

t h i o l s   such  as  2 - b u t e n e - 1 , 4 - d i t h i o l ;   and  a l k y n e   t h i l s   s u c h  

as  3 - h e x y n e - 1 , 6 - d i t h i o l .  

S u i t a b l e   amines   which  may  be  c o n d e n s e d   w i t h  

a l k y l e n e   o x i d e s   i n c l u d e   a r o m a t i c   amines   such  as  a n i l i n e ,   o -  

c h l o r o - a n i l i n e ,   p - a m i n o a n i l i n e ,   1 , 5 - d i a m i n o n a p h t h a l e n e ,  

m e t h y l e n e   d i a n i l i n e ,   the  v a r i o u s   c o n d e n s a t i o n   p r o d u c t s   o f  

a n i l i n e   and  f o r m a l d e h y d e ,   and  the  i s o m e r i c   d i a m i n o t o l u e n e s ;  

a l i p h a t i c   amines   such  as  m e t h y l a m i n e ,   t r i i s o p r o p a n o l a m i n e ,  

e t h y l e n e d i a m i n e ,   1 , 3 - d i a m i n o p r o p a n e ,   1 , 3 - d i a m i n o b u t a n e ,   a n d  

1 , 4 - d i a m i n o b u t a n e .  

The  p o l y u r e t h a n e   foams  of  the  p r e s e n t   i n v e n t i o n  

may  a l s o   be  p r e p a r e d   by  the  r e a c t i o n   of  a  g r a f t   c o p o l y m e r  

p o l y o l   wi th   the  d i i s o c y a n a t e   of  the  i n s t a n t   i n v e n t i o n   in  t h e  

p r e s e n c e   of  a  b lowing   a g e n t   and  o p t i o n a l l y   in  the  p r e s e n c e  

of  a d d i t i o n a l   p o l y h y d r o x y l - c o n t a i n i n g   c o m p o n e n t s ,   c h a i n -  



e x t e n d i n g   a g e n t s ,   c a t a l y s t s ,  s u r f a c e - a c t i v e   a g e n t s ,   s t a b i l -  

i z e r s ,   dyes ,   f i l l e r s   and  p i g m e n t s .   S u i t a b l e   p r o c e s s e s   f o r  

the  p r e p a r a t i o n   of  c e l l u l a r   p o l y u r e t h a n e   p r o d u c t s   a r e  

d i s c l o s e d   in  U.  S.  R e i s s u e   P a t e n t   24 ,514   t o g e t h e r   w i t h  

s u i t a b l e   m a c h i n e r y   to  be  used  in  c o n j u n c t i o n   t h e r e w i t h .   F o r  

the  p r e p a r a t i o n   of  m i c r o c e l l u l a r   foams,   b lowing   a g e n t s   a r e  

g e n e r a l l y   not   n e c e s s a r y .   If   d e s i r e d   fo r   more  e x p a n d e d  

foams,   t hey   may  be  emp loyed .   When  w a t e r   is  added  as  t h e  

b l o w i n g   a g e n t ,   c o r r e s p o n d i n g   q u a n t i t i e s   of  e x c e s s   i s o c y a n a t e  

to  r e a c t   wi th   the  w a t e r   and  p r o d u c e   ca rbon   d i o x i d e   may  be  

u s e d .  

I t   is  p o s s i b l e   to  p r o c e e d   wi th   the  p r e p a r a t i o n   o f  

the  p o l y u r e t h a n e   p r o d u c t s   by  a  p r e p o l y m e r   t e c h n i q u e   w h e r e i n  

an  e x c e s s   of  o r g a n i c   d i i s o c y a n a t e   of  the  i n s t a n t   i n v e n t i o n  

is  r e a c t e d   in  a  f i r s t   s t e p   wi th   a  p o l y o l   to  p r e p a r e   a  

p r e p o l y m e r   h a v i n g   f r e e   i s o c y a n a t e   g roups   which  is  t h e n  

r e a c t e d   in  a  s econd   s t e p   wi th   a  p o l y o l   or  an  amine  and  a  

b l o w i n g   a g e n t   such  as  w a t e r   or  a  f l u o r o c a r b o n   to  p r e p a r e   a 

foam.  A l t e r n a t e l y ,   the  componen t s   may  be  r e a c t e d   i n   a  

s i n g l e   w o r k i n g   s t e p   commonly  known  as  the  " o n e - s h o t "  

t e c h n i q u e   of  p r e p a r i n g   p o l y i s o c y a n u r a t e - p o l y u r e t h a n e s  

p r o d u c t s .   F u r t h e r m o r e ,   i n s t e a d   of  w a t e r ,   low  b o i l i n g  

h y d r o c a r b o n s   such  as  p e n t a n e ,   h e x a n e ,   h e p t a n e ,   p e n t e n e ,   a n d  

h e p t e n e ;   azo  compounds  such  as  a z o h e x a h y d r o b e n z o d i n i t r i l e ;  

h a l o g e n a t e d   h y d r o c a r b o n s   such  as  d i c h l o r o d i f l u o r o m e t h a n e ,  



t r i c h l o r o f l u o r o m e t h a n e ,   d i c h l o r o d i f l u o r o e t h a n e ,   v i n y l i d e n e  

c h l o r i d e ,   and  m e t h y l e n e   c h l o r i d e   may  be  used  as  b l o w i n g  

a g e n t s .  

C h a i n - e x t e n d i n g   a g e n t s   which  may  be  employed   i n  

the  p r e p a r a t i o n   of  the  p o l y u r e t h a n e   foams  i n c l u d e   t h o s e  

compounds  hav ing   at  l e a s t   two  f u n c t i o n a l   g roups   b e a r i n g  

a c t i v e   hydrogen   atoms  such  as  w a t e r ,   h y d r a z i n e ,   p r i m a r y   a n d  

s e c o n d a r y   d i a m i n e s ,   amino  a l c o h o l s ,   amino  a c i d s ,   h y d r o x y  

a c i d s ,   g l y c o l s ,   or  m i x t u r e s   t h e r e o f .   A  p r e f e r r e d   group  o f  

c h a i n - e x t e n d i n g   a g e n t s   i n c l u d e s   w a t e r ,   e t h y l e n e   g l y c o l ,   1 , 4 -  

b u t a n e d i o l ,   and  p r i m a r y   and  s e c o n d a r y   d i a m i n e s   which  r e a c t  

more  r e a d i l y   wi th   the  p o l y i s o c y a n a t e s   of  the  i n s t a n t  

i n v e n t i o n   than  does  w a t e r .   These  i n c l u d e   p h e n y l e n e d i a m i n e ,  

e t h y l e n e d i a m i n e ,   d i e t h y l e n e t r i a m i n e , . N - ( 2 - h y d r o x y p r o p y l ) -  

e t h y l e n e d i a m i n e ,   N , N ' - d i ( 2 - h y d r o x y p r o p y l ) e t h y l e n e d i a m i n e ,  

p i p e r a z i n e ,   and  2 - m e t h y l - p i p e r a z i n e .  

Any  s u i t a b l e   p o l y u r e t h a n e   p r o m o t i n g   c a t a l y s t   may 

be  used  i n c l u d i n g   t e r t i a r y   amines   such  as,   for   e x a m p l e ,  

t r i e t h y l e n e d i a m i n e ,   N - m e t h y l m o r p h o l i n e ,   N - e t h y l m o r p h o l i n e ,  

d i e t h y l a m i n o e t h a n o l ,   N - l a u r y l m o r p h o l i n e ,   l - m e t h y l - 4 ( d i -  

m e t h y l a m i n o e t h y l )   p i p e r a z i n e ,   3 - m e t h o x y - N , N ' - d i m e t h y l p r o p y l -  

amine,   N , N , N ' - t r i m e t h y l - i s o p r o p y l p r o y l e n e d i a m i n e ,   N , N , N ' , N " -  

t e t r a e t h y l p r o p y l e n e d i a m i n e ,   d i m e t h y l b e n z y l a m i n e ,   d i m e t h y l -  

c y c l o h e y l a m i i n e   and  the  l i k e .   O the r   s u i t a b l e   c a t a l y s t s   a r e ,  

for   example ,   t i n   compounds  such  as  s t a n n o u s   c h l o r i d e ,   t i n  



s a l t s   of  c a r b o x y l i c   a c i d s ,   such  as  d i b u t y l t i n   d i - 2 - e t h y l  

h e x a n o a t e   and  s t a n n o u s   o c t o a t e ,   as  w e l l   as  o t h e r   o r g a n o  

m e t a l l i c   compounds  such  as  are  d i s c l o s e d   in  U.  S.  P a t e n t   n o .  

2 , 8 4 6 , 4 0 8 .   The  p r e f e r r e d   c a t a l y s t s   fo r   the  p r e p a r a t i o n   o f  

p o l y u r e t h a n e   foams  are   t r i e t h y l e n e d i a m i n e ,   N - m e t h y l -  

m o r p h o l i n e   and  N - e t h y l m o r p h o l i n e   and  d i b u t y l t i n   d i l a u r a t e .  

If   d e s i r e d ,   a  s u r f a c e - a c t i v e   a g e n t   may  be  em-  

p l o y e d .   Numerous  s u r f a c e - a c t i v e   a g e n t s   have  been  f o u n d  

s a t i s f a c t o r y .   N o n i o n i c   s u r f a c e - a c t i v e   a g e n t s   are  p r e -  

f e r r e d .   Of  t h e s e ,   the  n o n i o n i c   s u r f a c e - a c t i v e   a g e n t s  

p r e p a r e d   by  the  s e q u e n t i a l   a d d i t i o n   of  p r o p y l e n e   ox ide   a n d  

then  e t h y l e n e   ox ide   to  p r o p y l e n e   g l y c o l   and  the  s o l i d   o r  

l i q u i d   o r g a n o s i l i c o n e s   have  been  found  p a r t i c u l a r l y   d e s i r -  

a b l e .   O the r   s u r f a c e - a c t i v e   a g e n t s   which  are   o p e r a t i v e ,  

a l t h o u g h   not   p r e f e r r e d ,   i n c l u d e   p o l y e t h y l e n e   g l y c o l   e t h e r s  

of  long  cha in   a l c o h o l s ,   t e r t i a r y   amine  or  a l k y l o l a m i n e   s a l t s  

of  long  c h a i n   a l k y l   a c i d   s u l f a t e   e s t e r s ,   a l k y l s u l f o n i c  

e s t e r s ,   and  a l k y l a r y l s u l f o n i c   a c i d s .  

The  f o l l o w i n g   example s   i l l u s t r a t e   the  n a t u r e   o f  

the  i n v e n t i o n .   All  p a r t s   a re   by  w e i g h t   u n l e s s   o t h e r w i s e  

s t a t e d .  



Example  1 

Pure  4 , 4 ' - d i p h e n y l m e t h a n e   d i i s o c y a n a t e ,   100  pbw 

was  m e l t e d ,   c h a r g e d   i n t o   a  r e a c t o r   and  m a i n t a i n e d   at  40°  t o  

5 0 ° C .  C a r b o d i i m i d e - u r e t o n i m i n e   m o d i f i e d   4 , 4 ' - d i p h e n y l -  

methane  d i i s o c y a n a t e   25  pbw  was  added  to  the  mol ten   p r o d u c t  

and  s t o r e d   at  25°  to  30°C.  The  c o m p o s i t i o n   of  the  m i x t u r e  

was  93.5  p e r c e n t   pure  4 , 4 ' - d i p h e n y l m e t h a n e   d i i s o c y a n a t e   a n d  

6.5  p e r c e n t   c a r b o d i i m i d e - u r e t o n i m i n e   m o d i f i e d   4 , 4 ' - d i p h e n y l -  

methane  d i i s o c y a n a t e .   This  p r o d u c t   was  s t o r e d   for   n i n e  

months  at  25°C  wi th   a  dimer  f o r m a t i o n   of  only  abou t   0 . 0 0 6  

p e r c e n t   per  week.  Pure  4 , 4 ' - d i p h e n y l m e t h a n e   d i i s o c y a n a t e  

s t o r e d   at  45°C  formed  d imers   at  0 .035  p e r c e n t   per  w e e k .  

This  i n d i c a t e s   the  e x t e n d e d   s h e l f   s t o r a g e   c a p a b i l i t y   o f  

m o d i f i e d   4 , 4 ' - d i p h e n y l m e t h a n e   d i i s o c y a n a t e .  



1.  A  4 , 4 ' - d i p h e n y l m e t h a n e   d i i s o c y a n a t e   c o m p o s i -  

t i o n   which  is  s t o r a g e   s t a b l e   at   t e m p e r a t u r e s   of  abou t   25°C 

which  c o m p o s i t i o n   c o n t a i n s   from  a b o u t   2  to  a b o u t   10  w e i g h t  

p e r c e n t   u r e t o n i m i n e   s t r u c t u r e .  

2.  The  d i i s o c y a n a t e   c o m p o s i t i o n   of  c l a im  I  

w h e r e i n   the  c o m p o s i t i o n   c o n t a i n s   from  abou t   5  to  abou t   8 

w e i g h t   p e r c e n t   u r e t o n i m i n e   s t r u c t u r e .  

3.  A  r i g i d  p o l y u r e t h a n e   foam  p r e p a r e d   by  t h e  

r e a c t i o n   of  the  p o l y i s o c y a n a t e   c o m p o s i t i o n   of  c l a im   1  wi th   a  

p o l y o l   in  the  p r e s e n c e   of  a  c a t a l y s t ,   a  b lowing   a g e n t ,   a n d  

o t h e r   a d d i t i v e s .  

4.  A  r i g i d   p o l y u r e t h a n e   foam  p r e p a r e d  b y   t h e  

r e a c t i o n   of  the  p o l y i s o c y a n a t e   c o m p o s i t i o n   of  c l a im   2  wi th   a  

p o l y o l   in  the  p r e s e n c e   of  a  c a t a l y s t ,   a  b lowing   a g e n t ,   a n d  

o t h e r   a d d i t i v e s .  

5.  A  s e m i - f l e x i b l e   p o l y u r e t h a n e   foam  p r e p a r e d   by  

the  r e a c t i o n   of  the  p o l y i s o c y a n a t e   c o m p o s i t i o n   of  c l a im   1 

w i t h   a  p o l y o l   in  the  p r e s e n c e   of  a  c a t a l y s t ,   a  b l o w i n g  

a g e n t ,   and  o t h e r   a d d i t i v e s .  



6.  A  s e m i - f l e x i b l e   p o l y u r e t h a n e   foam  p r e p a r e d   by 

the  r e a c t i o n   of  the  p o l y i s o c y a n a t e   c o m p o s i t i o n   of  c l a im  2 

wi th   a  p o l y o l   in  the  p r e s e n c e   of  a  c a t a l y s t ,   a  b l o w i n g  

a g e n t ,   and  o t h e r   a d d i t i v e s .  
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